We present a detailed design for operation of the Cornell Electron Storage Ring, CESR, in the energy range covering the Y resonances and the Charm and Tau thresholds, as well as reaching to the upper Y resonances near 11 GeV. The addition of 18 m of super-ferric wiggler magnets will partially restore low energy beam emittance and damping times. Installation of superconducting quadrupoles in the interaction region and the addition of high performance superconducting RF cavities will enhance performance at all energies. Studies of optics, beam dynamics, wiggler and vacuum system performance, beam stability, and beam-beam effects confirm operation with a luminosity of 3~1 0~~ cm-2-sec-1 at 1.88 GeV.
INTRODUCTION

The Development of CESR
CESR is a 4.7-6 GeV/beam e'e-collider that has been operating at the B meson threshold with peak luminosity well above cm-2-sec-', and a consistent integrated luminosity per month of 1.4 fb-' [l] . This performance level has been reached by incorporating innovative ideas in a series of upgrades to the operation of CESR. Forty-five bunches in each beam circulate in a single vacuum chamber and collide at a single interaction point in the middle of the CLEO detector. Super-conducting RF cavities provide the required RF voltage while introducing minimal parasitic mode impedance to the ring. Permanent magnet IR quadrup;les minimize the chromaticity generated in optics with fi Continuing this program of innovative upgrades will extend the operating range of CESR to the J f l (Ebeam=1.55 GeV) through the Y resonances (E&= 6 Gev). The luminosity performance will provide factors >10 increase in present world Charm data sets in a few years of running.
C h a m Physics at CESW CLEO
The Charm/Tau regime is excellent ground for studies of weak interaction physics and tests of QCD. A data sample 10-20 times that accumulated to date, combined with the excellent resolution and hermiticity of the CLEO detector will improve by 5-15 the precision of branching ratios and decay constants. Comparison with CLEO data on the Y resonances will be used in searching for glueof 1.8 cm.
* Work supported by US National Science Foundation ' mai 1 to: dhr 1 @ cornell .edu rich states. These measurements will be much cleaner than comparable measurements from the B factories.
TOWARD LOWER ENERGY
Conventional Collider Energy Scaling
Experience with e"e-colliders accumulated over many years suggests that in a given machine the peak luminosity scales as the 4'h power of the beam energy.
The components of this scaling are revealed in the following equations for luminosity and horizontal beambeam parameter:
where L (cm-2-sec-') is luminosity, r the beam aspect ratio (y/x) at the interaction point, n b the number of bunches 
Eo
New variables are Lw, the length of wigglers; Bw, the peak magnetic field in the wigglers; Hw, the square of the normalized dispersion at the wiggler, and OE the beam's R.M.S. energy spread.
We immediately see that the peak field of the wiggler is limited by the maximum acceptable energy spread, and the total length of the wigglers is then determined by the desired damping time. The horizontal emittance may then be set by controlling Hw.
At 1.88 GeV in CESR, 18.2 m of wigglers with 2.1 Tesla peak field will provide a 50 ms damping time (vs 20 ms at 5.3 GeV), the same emittance as at 5.3 GeV, and a relative energy spread of 8x
Other Factors
The discussion on low energy performance of course assumes no other phenomenon limits performance. Critical issues include: single beam instabilities, beam lifetime, parasitic beam-beam effects, larger rotation angle in the experimental solenoid, the optics properties of the machine -both linear and non-linear, and performance of accelerator components.
CESR-c
The primary modifications to CESR in preparation for 0 Replace the present permanent magnet IR quads with superconducting quads to expand operating energy range and lower p at the interaction point. 
I Wiggler Magnets
The required wiggler field (2.1 T) and the large pole gap (>5S cm to avoid vertical aperture restrictions) eliminate permanent magnet (marginal field strength, weight) and normal conducting (power requirements) magnets. The CESR-c wiggler design [3] is based on superferric technology. Figure 1 shows a 3-pole test model.
The final magnets will be built in standard units, each with 1.3 m active length and a wiggler period of -40 cm.
The cryostats will have a warm bore, water cooled vacuum chamber and have a flange-to-flange length of low energy running are: 1.7 m including a NEG vacuum pump port. Figure 2 shows a perspective view of the cryostat with cold mass. [nm-rad] order terms are ignored here.) The linear focusing term causes a tune shift of 0.1 integer for each wiggler in CESR-c and must be designed into the optics.
A realistic wiggler field has a finite roll off across the pole face (AB,(x) Incorporating many strong wigglers in the ring while maintaining good dynamic aperture requires careful design, optimizing &and field uniformity. A tracking code [6] has been used to model the wiggler nonlinearities. To date lattice designs have marginally acceptable dynamic aperture (-100~,~ with 4 o E E energy deviation) at 1.88 GeV. We are working on further optimization of optics and wigglers, as well as octupole compensation to increase dynamic aperture to a conservative margin.
Pe~orrnance issues
The previously mentioned superconducting RF and IR quadrupoles are described elsewhere in this conference [7,81. Vacuum pumping: The distributed sputter ion vacuum pumps in the CESR arcs use the dipole magnet fields. At 1.88 GeV their pumping speed will drop to near zero. Experiments have shown that the chamber walls will adsorb any released gasses, keeping average pressures below l ntorr at CESR-c design currents. Occasional running at 5 GeV (planned for synchrotron radiation users) will clean up adsorbed gases from vacuum interventions.
Injection: The linac and synchrotron injector for CESR have recently operated with 1.8 GeV electron and positron beams which have been taken through transport lines up to the CESR vacuum system. The present repetition rate of 60 Hz will be reduced (by approximately the ratio of damping times at 1.88 and 5 GeV) to 20 or 30 Hz. Otherwise injection will be similar to that at 5.3 GeV.
Beam Stability: The transverse and longitudinal feedback systems will provide increased kicks at lower energy to match the increased effects of parasitic impedances. For potential quadrupole and higher modes, the damping time increases -2 . 5~ and currents decrease -2x, providing adequate damping for instabilities with thresholds at least 25% above 5.3 GeV operating current.
Parasitic beam-beam effects: As with the instabilities, the decrease in current will substantially compensate the increased sensitivity of the beams to the parasitic crossing. There is also the possibility of compensating some of the bunch-by-bunch dipole kicks and tune shifts from the parasitic crossings using the feedback systems [9] and RF quadrupoles.
Beam lifetime: The single beam particle losses from beam-gas and Touschek scattering have been calculated
